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Symmary

Evidence suggests ihat inastinal apo-B48 is colinear
with the amino-lsrminal hatt of hepatic apo-B100. T
investigate the mechaniam of apo-B4S production, we
examined cDNA clones from human and rabbit small
intsstine, Al clones contained & single C — T base
gifference from the hepatic sequencs, resulting in 8
transistional stop at codon 2153, Ampilficstion by the

rese chaln resction of cDNA from human and
rabbit small infestine, rabbit liver, and the human
mpmunmmp&mdmlmmeodon
wae only present In lnteetinal mANA. Enterocyte
mm“wwnnmmmpudon.w-wg-
gest that & co- of ptional C — U change
of apo-B48, which repre-
sents the smino-terminal 2152 smino acids of 8po-
8100, This ls the first example of tissue-epecific
modification of a single MRANA nuciectide resulting In
mdﬂbncnpmmmumpdeMW

o

Introduction -
MMumﬂmdwpopmﬂn (apo-) B circy-
_laie as obiigatory of the plaama ipsproteins
(Kane, 1963). In humans, apo-B100 (M, 512 kd) is gynthe-
mnnmwnamwmumomq
mmwm(kummm-wnum
dogenously triglyceride. It is also the ligand
MMNWGWMWIImmm
mwmmelmlmwmowmem
(amweoldmin. M;mmbmd
thﬂmwmomﬂmnndmnMw
Mwmummmuhmghlywm
mdwunhmmmwymtmnbmm
and the absorption and wanspon ol dietary cholesterol
and :
mmmaommmwwmoomml..
1sae-:c|.¢uuuu..1m:w~uu, 1986; Yang et al.,

1986; Olotsson et al., 1986) and intron-auon organizalion
of the apo-B gene have been deducod (Blackhart et al.,
1968; Carisson et al., 1988; Higuchi et al., 1987, Wagener
et al., 1987). Human apo-B8100 mRANA s 14121 nuclectides
in length and encodes a 4563 amino acid precursor from
which a 27 residus signal pepﬁdelsdeavod. The cotre-
sponding gene spans only 44 kilobases (kb) and is com-
priaoddam.whuldmeeodlngsoqmuis
carried by the 7572 bp exon 26

Antibody and peptide mapping, protsin sequencing,
and amino acid composition studies suggest thal apo-B48
represents the amino-tsrminal haif of apo-B100 (Hardman
and Kane, 1886; Marcel et al., 1987; Oiafason et al., 1987).
Seoveral lines of svidence predict the region of apo-B8100
in which the apo-B848 molecule is likely %0 end. Epltopes
for monocional antibodiss againt apo-8 have beon
mapped on apo-B1 idase fusion proteins snd
prowolytic fragments ol apo-B100 (Knout et al., 1988a;
Marcs! et al., 1987). All monoclonal antibodies mapping w
mounlnmminalhandap-mmamnmwimapo-
B48 Alumugmupdonotroeognizoapobde(xmnet
al., 19668a; Marcel et a)., 1967) and have been localized o
the carboxy-terminal halt of apo-8100. There are no &po-
B48-specific monocional anlibedles. Furthermore, apo-
denulnwwnhlhewmem(Hquﬂ..
1684) and the LDL receptor-binding domain of apo-8100

(Knott ot al.,, 1988a; Marce! ef ., 1967). These reaults
therefore point to apo-B48 being colinear with the amino
tarminal halt of apo-8100 and imply that it will terminate
Dpetween residuas 1700 and 2600. This Is consistant with
mmmwdwmsommmm
gels (SOS-PAGE), assuming that thas a similar glycosy-
\ation panesn to apo-8100 (Knoti et al., 1986a; Yang et al.,
1886). In addition, the amino acid composilion of apo-BdS
is similar to that of apo-B100 between rosidues 1 and ap-
proximataly 2200 (Hardman and Kans, 16866). Thersfore,
the carboxy-terminal of apo-848 s likaly 1o be within exon
uamnp)dmoapo-sgem.

There are three likely mechanismas to explain the origin
could be en-

by the analysis of the gone stuclure (Blackhart ot al.,
1988; Carisson et al.. 1886; Higuchi et al., 1967, Wagener
al al., 1967). Further strong evidonce that both apo-8 pro-
leimmptuduusdndnglegonehpmbymm
dwunoud.nsmm«mmbdmumo
protdnpolymorpnhmm pmuumbum.po-moom
apo-wmzsuubimmmod. Second, apo-848 may
be produced by cotrangiational or postiransiational pro-
toolytlcpnwsmoolapo-moo.lnmpondml&mm

demonsiralo 8po-

BAS inrat (Lee &1 al., 1984; Duflaart et al., 1996)- Howevar,
pulsa—chass and polysoms run-off trans! eupert
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Fgure 1. Epitope Map of Monociona) Antibod-
iee Binding © Apo-8 )

Sollg baxss cancte epilopes tor antibadies (hal
pind 1o both £50-B100 and 6po-B48, Haiehed
basizs 48 epaopes for monacions! antbodes
medﬁebtmaiwmuluﬂ..uw
published gata; Knou ot ol., 15868 Marce) ot
al.. 1887). The prediciad end of apo-BaB is Indli-
auowmammdmdunmﬂn
e\nvmp-mu.nmnapewo
are shown (Carcin ot 4., 1884),

mnmnnolmaeom.w
tions: A, Acch; 54, Sait; ¥, Minally; B, Bamhl;
x.mr.asul:e.mcou;nm.m
mwamlbuwm

mdmchMmumlnuh
!Mdmlnmmmbmm

-mmmﬂnmwmnmln-
taied. Mapped. and sequenced from he Bt
numwwwmm.wmw

mmmwumuwcwm
fom 1he secONd Emal imesunal Ebrwry

v

menis provide no evidence o
ubon snd Elovson, 1965; Dermmer &t &), 1886; Glickman
atal, 1986). Third, dirferential processing ol arprimary nu-
mummwmaﬂmxmﬂmw
mumtwmmwmmwmam

.mwmwmm

mhmbdmmmgmmnnmqhnmndam
pmduaolmemoormRNA(Mehmblmold..Wﬁs)-
'mulmdm.pmommwmmmwgthmo-
beuuwuvmmmumwwmmmg
aomtmmmwnwumwmwwm
ﬁbmﬂumdmﬂnomnmmemumdm-
puﬁchNAsandgommchNA.

Results

Apo-B cDNA from Human and Rabbit Small intestine
sm-cwtsmmuuwn«em
thhuefowsedonthengionbemonswekbm
the&'ondoimomRNAmmmdeluwmd by the map-
ping of monoclonal anibodies 63 shown in Figure 1.
Clones covering the entire 14.1 kb coding region were
{solated from @ human mid{ejunal CONA library uaing
probes from the whole tength of apo-8100 ¢ONA. Demiled
wwmwmdeommmummm

patic (Knont st 3., 1996D) and intestinal mRANA excopt in
the fegion wharo we predict apo-B48 w0 and. In all 1en in-
testinal cCONA clones (Figure 2a), which included nucleo-
{ide 6866 of the 2po-8100 mANA gequencs, an Indrame
uopeodonmk)mtwndalmmmsz. Amino acid
2153 is glutamine (CAA) in all five published 2po-B100 he-

ap 003112
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Prooucticn of AD>-B48
833

Tabie 1. Posltioms of Poentis) Polyadanywlion Signais

_Pesition of-
Sequence Poly (A) Tall

Human Clons

Hu ¢ ACCAAA (2 . 90
M2 AATAMA 19 bp 7080
HuS TATAMA 240p na
Aabb Clone

D1+ 2 AATTAA 170 6778
(™% ] AATTAA WL €8s
Rab 4 AATAAA 19bp 7080

tmplicated in potyadenylation. '
uomuuum'wuwamwwmﬁmm
ACAM (61 bpS'nlNdIMhNuﬂwMﬂM(ﬁobpS'
mmnwmwcwmmm
taton signal (Keasier ot &, 1887).

patlc cONA sequences snd in allthree published genomic
sequences.

In addition, three of the human intestinal cDNA clones
trom this region wero polyadenylated at diftferent poshions
downstream of the terminetion codon (Table 1). This con-
firms the pressnce of a 7 kb apc-8 MANA specles in hu-
man Intestine. The remalning CcDNA clonas ware not poly-
adenylated, and contalned sequences eaxtendingup o 14
kbdownsuumdmmpeodm(ﬁgunzﬂ.

Yo eiiminate the poasibiiity of cloning artifacts or of mu-
tation In this subjeci, we examined elones from a different
human jejunal fibrary and from a rabbit smafl intestinal -
brary (Hunziker et al., 1986); the rabbit is also known o
producs doth the 14.5kbandlho7l:bapo-amnm
(Cladaras et al., 1906).mmpeodonmpmenmm¢
same position in the only CONA clone Isolated from the

fuman intestinal [ibrary that carried seguences in
the region of interest (Figure 2a). In tha rabbit, all six small
Investinal QNA'dom (Figure 2b) from the comparable
region also contained & S0P codon [TAA) replacing the
normai glutamine codon (CAA) at the \dentical position.
Polv(A)unamaIaobundintMrnbbu clones, bul the
sites of on were dlifarem from thase occur-
ring In the human intastine (Table 1). A comperison of the
nbutmnummdmohumm(ﬁguna)shm
B45% homology between nuciootides 50008000 and
78 7% homology & the protain lavel. The DNA saquence
conservation Increasss to 90% between nuclectides
@586-6786 spanning the stwop codon.
Tmmmspduoiwmnmmm
Intestine of Human and Rabbit
Northem biot analysis of intestinal MRNA from both rabbit
and human tissve (Figure 4) confirms the presence of two
apo<B messages. Hybridization with probes derived trom
the &’ half of apo-8100 datacts a single specios of approxt-

marely 145 kb, equivalent to the 14,121 base message
characterized from tha liver cDNA libraries (Xnott et al.,
1988b). However, hybridization with probes from the 5
end of apo-8100, the reglon ancoding apo-B48, detects
the large message and a smaller 7 kb speties.

The 14.5 kb and 7 kb Intestinal mRANAs Both -
Contaln 8 UAA Stap Codon .
Bocause of the small size of the intastinal ¢DNA clones,
iLis not certain that thase lacking a poly (A) tail derive from
the 145 kb transeript. It is impormant to determine whether
the 145 kb mRNA conains the stop codon and encodes
apo-B48 or whether it encodes apo-8100. To study this,
the relevant mMRNA sequUENces wero enzymatically ampli-
flad by the polymerase chain reaction (PCR) (Saiki et al.,
1985) and screened with synihetic oligonucleotides deo-
signad to detect the single C o T pase change

RNA was isolated from terminai ileum trom a third hu-
man subject, rabblt liver, rabbit jejunum, and the hepa-
toma cell line HepG2 (known to producs apo-B100). First
strand cONA synthesis was primed either with oligo (dT)
or synthetlc oligonucieotides PCR9 and PCR11 (see Ex-
perimantal Procedures). Use of oligo (dT) and PCR9
onsures that sequances from both the 145 and 70 kb
mRANAs are represented In the cDNA, whereas PCR1Y
directs synthesis of CONA exclusively {from the large tran-
script. Second strand synthesis was completed by the
method of Gubler and Hotfmann (1983), and ampilification
performed using specific primers as described in the leg-
end to Figure § and Experimental Procedurss, The ampl-
fied segment (281 bp) spans nuclectides 65048784 ol the
numan mRNA and a corresponding reglon of the rabbit
message. Amplified CONAs were run on agarose gels,
blottad onto Zetsprobe, and hybridized sequentially with
cligonuctactide BGLN O‘ACIGATCMAT!’GTMCA), which
{s specific for DNA contalning a C at position 6688, and
a second cligonucieotide, BSTOP TCAAATAT-
ATCA), which is specific for DNA containing the stop
codon. Hybridization and washing condtions for both oli
gonucieotides were determined empirically {Figure S). in
addition, serial 1:10 dilytions of the PCR reactions wero
dot-blotted onto Zetaprobe membranes (Figure 5). HepG2
and rabbit livar cONA PCR only hybridized with oligonu-
clectide BGLN. Rabbit small iniestine cDNA PCR hybrid-
ized swongly with BSTOP oligonucieatide and only weakly
with BGLN dligonucieotida. Human terminal leumn cDNA
PCR hybridized sirongly with BSTOP and very weakly
with BGLN.

These obsarvations indicate that both the 14.5 kb and
70 kb mRNAS from human llsum produce mainly apo-848
and very little, it any, apo-8100. The same is true of rabbit
jejunum. NO transcripts contalning the stop codon can be
detacted using this method in \he RANA from rabbit liver or
tne human hepatoma cel line HepG2.

Apo-B Is @ Single Copy Gane

Onoualanmbnmmmnsumlsmamowm
hdupilumdwehmnomwmwwmw
uquomisnmcﬁbodlnmo fiver and the second COpYy
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UN CADOMTAMETMINT, MTCAMMETATCTEMETS
cerrabisac TSI A cdstebaly 1] wowrhBiR)e b0 00 .y
o %‘:{::x.wm::g-wnnwwm . ogge a-
l"l ----- Ilﬂ'kiaaiu%l"l"“"l"!'&'l seb Sgrecniil ﬁi‘.‘
[ ClaTwetyrialsis®® o} ]
amn NASTMCTATTCCTATATIA TCAG L r L Y -t
o fqae seitt it il e \ ,
[} {%] umnmnmm»mumm [ proba 3 probe
oo mmmwwmmmm _ :::“‘ WWWMWNWWM
TTntiagy s dgast 1t i gl i
un m!_mﬂmmnmﬂmmmmm \ 1 u ) and2 ( wers e 3
. gttt ::::::::ﬁﬁﬁ::z ::-.:::;'.:::ns:::?.‘la dmewwdwmmmam)mum
1! e T POTTERATTCAMATETORATACR me.:uWMmrwdmw
an : 100 CONA. The 14 kb and 7 i intesinel 150-8 mRNAs and 0 PO~
. ation of 288 ribosomal ANA e afrowed.
493}
‘:., with the TAA sequence is transceibed in the emall intes-
! \ins.hmmlnomposslhlmythaMmmaybemapo-
= B genes, Southern biots of human genomic DNA were hy-
N bridized with 8 range of flanking and Internal gane probes
un

(Figure 6). Each digesi gives hybridizing fragments that
are unique. Prebes that detoct the hypervariable reglon 3
b lnmupo-egeno(xnonem..wesc)mwonlymal-

A0c?” a0cY agc 7 lelesineachindwldua!.meeondusimmustbuamei-
ac-t '*.al =" _% merlhemlsaverymgedupﬁcallonunllpsoub)under-
a~--s ig:- ::.-.’. qoingmenslvegoneeonvecsion.ot\hen’sonlyom
==~ 8 a=s e : - - apo-B gene.
Tlz; =-:-§ =_7%
- = -8 =- & onummlsnumuummmmm
as - s'? = - Production of Apo-848
. e :-'g;!/i - g/i Analwmmhnoxummbnbrmonppomeooiamp
“a‘,./; - e I ::‘: H eodonlnln\esﬁnﬂmsaagoladupncaﬁonolpanorma
S e 4 ae A 2 % whole of exon 26 coupled with Ussue-specific exon shut-
<= S\ 5. §\“‘; 2 - gﬁ mng.Pmtmulcnhuneunondoimzsandmmme
S.a :\I_ b & £7\a 2 - 2 raglon containing the stop codon nybridize 10 uniqua frag-
- - o == =22 rants on Soutnern biots of human ganomic DNA (Figure
~* .98 - zZ S).Emnzehasboensaquenceduleastﬁvounmlnlu
~=® X - " enﬁwhomoonomicdonesbyouwungmupmdmrs
¢ vY aTte 8.2 (unpublished feaulls and Blackhart et a., 1885: Cartsson
L ‘- e - ot al., 1986; Wagenar ! al., 1988). There is no evidence
RAabbit Human Human for duplication aitner of exon 26 or small sagments of it
intestine gene intestine that might participate in alternative or crypric splicing.
¢DNA cDNA in the absance of gene duplication or exof shytfling, itis

necessary to Invoke either somatic mutation of RNA mod-
ificatian as mechanisms for the production of apo-B48

pﬁmmwﬂmwmmuwmum.. GP Q05114

mum.mwmnwumwm ' mommmmmcnf.mmuwu
m-mmwmmwuwmum m-lmﬂnenn&mmoumwmw
Table L - mwmmmmmmumwu‘m&
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Igation with

m-m.rmahmwewothMMwnm11.wn.mcu-un«wm

wmwnmmnmum

probes (). Probe A is a 1521 bmwmms’wummmwnmww
overtapping the

junclion batween

mzsu-dnmnhnmwwm«wmmmmwmmuwummmammnmmu-

‘I’hQprcOdonloNolMInthoGenm
T investigate the possibility of somatic mutation of the
apo-agmihlmdnduuu-.wci:ﬁodommmd
nmplmembndamwmbnmmmmomm
uging as tsmpiatp mbbit enterocyte DNA. Enterocytes
mpnpnndbythsnﬁhﬁddhbumdsmnm
mmuwmmwmmw(ﬁgm
7). At loast 70% of the coll poputation had brush borders.
Thombnmmﬂmmmmmm.md
mmmmmwgﬂ.mmnm\m
isolated and, aher trimming the ends with mung bean
nuciease, cloned into the Bivescript vector pKS+. Ona
hundred colonles were picked, gridded on fitars, and
screaned with isbeled-ofigonuciectides. Tweive hydridiz-
ing colonias were Identified. Plasmia DNA was prepared
from theas clonas, linearized with reetriction enzymed
! (Figure 7b), and blorted. Dot blots of uncloned ampiified
DNA wers aiso prepared. Oiffersnilal hyoridization was
camried out using the synthetic ollgonuclectide probes
specific for aither C or T &t positon 6686 as described pre-
viously. Omymcapoeiﬁcolloonud-wdo hybridizes o
the 12muﬁwmmmkmdmf’%

ther analysls of these clones by DNA sequencing con-
ﬂnnedlhopmofonlythowmoninommm
genomic DNA. When dot blots of PCR amplified antero-
¢y genomic DNA were hybridized with he BSTOP and
BGLN oligonucleotides, the signal odtained with BGLN
was st least 1004old grealer than that oblained with
@STOP (Figure 5¢).

Discuasion

Wa sst out 1o elucidate the mechanism of tormation of in-
Lesting! apo-B by comparing the nuciectido sequances of
human and rabbit Intestinal cDNAs and gonomic DNA
with human hepatic cDNA. The result is remariable.

in human intestinal CONA, there g an in-frame TAA trip-
let at codon 2153, whereas in the hepallc CONAS and the
gane codon, 2153 s glutamine (CAA). Tn!s same change
is present in rabbit Intestinal cDNA. This observation is
conflirmed by ditferential hydriaization o amplified cCONA
and genomic DNA of labeled ofigonuclectides containing
eim«mﬂmmﬂhmummnodmmmp
codon in intestina) cONA arose aither a8 & result of a syo-

GP Q05116
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Figure 7. Dilferentiy) Hybridization dOUconudoolid-PQﬂhmdlm
Rabdit Emerocyts DNA
wmmmomﬂwmww::m
mawhmwmwm.mmummm
indicatog. The scale Dar represents 5 um.
@)mmwmwwwdnnmm
nmmhmmmso.nmﬁnmmmwmm
ing methad (Hoimes and Ouigley 1981) was linearized with Hindtll.
WMM!%mwmmMumm
1.dom.humlaum0NAnmpﬁmﬂmPCRSwP¢R!.
Lanas 213 1zmtumm;mmmmuimm
and PCRY. Lane 14, markers; [3mbda DNA digestied with Hinglll. Lane
ﬁwmmzo::n.vmmm;uwwm:-mgmm
codon ¢ioned in pUCIA

(c)GdMW“Madﬁlh BSTOP snd
MNHWHWFMWNWH-
tastinel-cDNA comrol pisamid with TAA hytricizss.
(u)m-mmmmmmnwmmmmdm

’ munuwlwwowruwmmwhmuhmw-

Wm-umnommmdnn.

jematic reverse transcriplase efror or as a polymerase
chain reaction artitact, bocause CAA s found in amplified
HepG2 cONA. Our study predicts that apo-848 I Idsntical
to the amino-terminal 2152 amino acids of apo-8100 and
has a molecular welght (before glycosylation) of 240.8 kd.
Thia Is in very ciose agreement with the findings of Inner-
arity and colleagues (personal communication). Thase
worksrs used anlibodles and peptide mapping to predict

that the carboxy-arminal of human apo-848 would be.

within five residues of amino acid 2161.

The observalions reported here could be explained by
mepnmceotmnpo-agenes.molwnlwiau-
prassad in the small intestine and the cther in the liver. If
thia {9 the case. the dupilcation musi be perfect and en-
compass the whole gene and flanking sequences. Se-

quence analysis reveals only @ few basa difterences be-
tween the intestinal cDNAs and our published hepatic
c¢DNA saquence (Knot et al., 1386b), and Lhesa are con-
sistant with polymorphic variations geen among [fiver

_cONA clones derived from several individuals (Cladaras

et al., 1985; Law el al., 18886; Yang et al., 1986; Olotsson
el al., 1987). Furtharmore, all genomic clones fit pracisely
Into one linear map (Blackhart et al., 1886; Carisson et al.,
1986; Higuchi ot al., 1987, Wagsner et al., 1387). These
obsarvalions could only ba accounted for in a two-gene
modal if the duplication was & very recant event or if
sequence homology was maintained by Intragenic ex-
change (gene conversion). In the cass of the human
a-globin (a1, az) and y-giobin (*y, Gy) genes where gane
conversion events have been thoroughly analyzed (Sligh-
tom et al., 1980; Michelson et al., 1983). the various con-
varsion units inctude regions of the gene that are under
no apparent constraint from divergance. Howevel, these
reglons of homology extend only 500 bp (v) and 900 bp
(@) upstroam of the cap site and in neither case extend be-
yond a position equivalont to the ¥ end of the mRNA. As
a consaquence, the restriction enzyme siles in the distal

.24

flanking sequences vary betwesn the globin gene dupli- -

cates. Angther explanation would be the differential or
cryptic splicing of an intestine-spacific axon containing
the stop codon. Both these possibiliiies have been efimi-
natad by use of flanking sequence and intragenic probes
that identity only sing!e bands on genomic Southerns, by
fine reetriction mapping of cloned genamic DNA and by
datarmining the nuclectide sequence of the gene (Ludwig
ot al., 1887). Specifically, thera is no dupiication of exon
26, which contains the stop codon, and no direct repeats
that might represant aliemative exons. Furthermare, en-
zymalic ampilfication of the relevant region of inlestinal
DNA followed by DNA sequencing and differential cligo-
nuclectide hybridization shows that no stop codon Is en-
coded in the rabbit genome. in the absance of gene dupll-
cation or exon shuffling, the conclusion must be thal the
slopcodonaﬁsesuamulloleo-orposmanwlpuonnl
RANA editing invoiving a single C to U substitution.

Our results show that both distal human and proximal
rabbit small Intestine contain 7 kb and 145 kb apo-8
mANAs. Saquencing of intestinal CONAS from both spe-
cles indlcates the presence of a TAA at codon 2153 In ew
ary clane examined. ltwas important to estabiish whether
all the 14.5 kb transcripts contain the stop codon and are
translatsd into apo-B48, or whether most contained the
glulamine codon and produced apo-B100. To address this
issue, we amplified both specifically primed Intestina)
¢DNA (from a position chosen to exclude all the poly (A
addition shes in Table 1 and encompass cnly (he lssge

. MRNA) and oligo (dT) primed cDNA. We found avidence

for only low levels of the giutamine codon in intestinal
mRANA. The most straightforward conclusion is that both
intestinal MANAS encode apo-B48.
Pmioussmdleafmmmfmnmauw
lha!bolhnpo-meandcpommmmwuudwlho
adult human and ral small intestine. Dullaart &t al. (1986)
used monocienal antibodles to detact apo-8100 specific
epitopes In the Golgl-associated vasicias of snterocyles,

GP 003117
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. addition signals, wheroas (n human liver oo small MANA -
nas bean observed and no gtop codon found. This sug-

Cell
&

andsuggoMMWmayuisebyposmnsla-
tional cleavage of apo-B100. Although there were anoma-
fles in the distributicn of the apo-B100-specific epitopes
which hinder Intarpretation of the resulls, this is consis-
tent with the eariler studles of Loe et al. (1984), who
raported the presencs of predominantly apo-8100 in the
intsstinal lymph followed by rapld proteolytic conversion
10 & protein similar in size to apo-B48. The presance of
apo-8100 epitopes In the Golgi region of entorocytes may,
howevaer, arise from endocytosls of apo-8100 containing -
poproteins, which has been demonstratad to occur in both
the liver and Imestine (Chao el al., 1981; Stange and Diet-
schy, 1883; Jones et al., 1984). Rasacretion of the lipopro-
teins could then acesunt for their presence In lymph, a3
couid direct flltration fram the blood into the lymph. None
of these studies have proved that the apo-8100-containing
lipoproteins associated with the inlestine are actually syn-
thesizad there. In contrast, in vivo labeling of ral entero-
cytes by Davidson et al, (1988) followed by SDS-PAGE de-
tacted only apo-B48. Also, Reuben and Elovson (1085)
have shown by polysome run-off trenslation that the prod-
uct of rat intestina} apo-8 MRNA is an 8po-B48 equivalent
proteln. This supporis our results showing that there is &
stop codon in Intestinal mANA.

Although our data predict that adult small intestine syn-
thasizes predominantly apo-848, the work of Glickman et
al, (1986) demonstraiad that both apo-8100 and apo-B48
are produced by the human jejunum [n crgan cultures of
tissus taken late in gestation. However, they egree that
only apo-B48 s produced by this tisauoe in the adult
These authors performed pulse~chase studias byt were
not able to establish-definitively that apo-B48 was pro-
duced by post-of cotransiational proteciytic cleavage.

Recent studies have shown that tha colonic carcinoma
cell line CaCo2 produces malnly apo-8100 and & small
quantity of apo-B48 (Hughes et al., 1847). These observe-
tions suggest that Intestinal ceils may be pluripotant with

mpoumapo-alaproduabnunﬂlnlmiwrylmlnml-_

opment. . }

in human-and rabbil intestine, a proportion of the
mRNAs T polyadenylated downstream of the stop codon
at sites that follow canonical and nencanonical poly (A)

gests that polyadenylation and edfing may be coupled.

Develapmantally regulated, tissue-epecific substtiution
of a single nuciectide in MANA lsading to different gene
products is unprecedantad. The ¢losest analogy © thigelt-
vetion aocurs in trypanosomes, whera it has been demon-
stratod that additions) nucieotides are inserted into tran-
acripts by an RNA editing mechanism (Benne et al., 10868;
Feagin etal., 1967). We cannot speculate what the mecha-
nizm migiht ba, but it appsars t be highly specific. Anslo-
gles may De lound in the processing of primary nucledr
transcripts and in the modifisd bases that are found In
tRNA. Whatever the expianation for these intriguing ob-
gervations, It ssema unilkely thal they are unique to the in-
testine; they may have more general biologics! implica-
lions.

Experimental Procedures

Construction of Human Jejuns! cONA Lidreries

A saction of human small Iesine SoRMING the Iower SO was 00~
mmniswwmmwmmm
wia cut mmedialaty into pieces of 1-2 9, flash-frozen in figuid nitrogen.
wmumwmmwmwwm
mlmmpnmmuudbmewwunﬁdnm
method. The cONA was than cloned into the unique EcoR) site ol the
acteriophsge vectsr AgHY (Huynh ot al., 1965), using EcaRl linkers
and Uansfecied (nio E. coli Y1088 The resutiant Edrary wes 30%
recomBinant and comgrised 2 x 10° independent ciones betore am-
mmmuwmmmmmmw
RINA (rom a male Eurnpean cadaver kidney donor using ANaseN and
DNA polymerase | (Gubler ang Heliman. 1963) 10 symhasize e $6C
ond strand.

Screening of Lambda Libraries

Agt11 phages were pistad &1 8 density of 225,000 pe? 140 mm pieia on
awsnmummmn'umsaumww
nitroceliyiose fllers ANG scTeened in quplicals with apo-8100 cDNA
MWWMMMWMMMMM(M
dep and Vogeisiein, 1069) 10 8 specific acuvity of -2:10° Gpm ug™'.
WMMMNWMMNO'.»
wdmuummmmmmummm
mmmmwmmzmumummw

owmmmmuumMDMmMm‘

mumidmmﬁgwhnm:wuuwis (Pharma-
mummwwmww«mam.
Sequence reactions wers carmed out with [F5]dATPS, imctionated
on &% urea pels. 8nd VigUAKzd by pulcragiogrIphy
alu drying (Biggin &t 8., 1983).

The foliowing oligomucieciides ware syninesized on an Applied Blo-
gyaisms 390A DNA syntheaizer and purilied on 15% ssquence gels.
BSTOP. TACTGATCAAATUATATCA 19-mer & end af 6879

BGLN, TACTGATCAAATTGTATCA 19-mer & ond a1 8879

PCAS. CTAAATTCATTCAATTGGGAGAGACAAG 28-mer 5 600
850e

PCRA CGAATATATAGTGCTCATCAAGAC 25-mar 8° ond ot 6784
PCRI. GCACGGATATCATAACGTTCATC 23-mar §' end i €787
Pcmo.wmmm:mmcmzms'mum
PCR11. CCAATCAGAAATGTAGGTGACAAG 24-mer S’ ond &t TPYT
mw.mmmanmnumwmnnw
MANA, The coordinates above reler 10 human MANA. Oigonucieo-
lu-mwmuwmmmwwwuw
1FPMTPWPLG)6WMMHMMS¢&LGMD
u specific sctivity of 10° cpm ug™.

DNA Hyvridizations
MpMmmmmmumwmmxunm
in on excess of Sx SSPE. 10 Denharcra (0.2% each of Ficoll, poly-
wmww).amsos.mswum-'mm
mmmommummhmmm
containing 25 x 104 cpm mr”! probe for 18 hx. Fiters
ware washed once In 8x S5C/0.1% SOS a1 room tempenture for 30
min, then three times in 0.1x SSC/.1% SDS i 65°C, Zetaprobe (Blo-
rad) membranes were prehybridized end s 0 oligonucieo-
tides in 8% ssnmummmmmmmm
ummmmmomnmwﬂ
Mmﬂzﬂbﬁmndmﬂmhan S8C/0.1%
sns-uusrcrwmasmmmnmmwu
42°C and washing & 55°C. :

Emercyls Preparsiion

mmum\nwmﬂmmmmm
mmmmmmmmmwwmm
mwmmwmwmw
Yvoly removed ummma@w r* (Sigma
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Profuclun of Abo-848
[

WV)MU{M“MM“MM]I“”“W
wmmmnm.mmumwmm.m
ware spun down (2000 x @ for 15 min) and resuspended in PBS. An
mdwmwmmwm M godlum cacoayt-
u(pnmmmmwumw-ﬁnm”

logucal charectanistics of enterocyles.

DNA Praparsiion
WMDMmMmmmumm
X100 methad of Kunksl @ al. (1977). Liver Or enigrocyles wire
Wmdhmummwcmmmw
wwmmmmmmmmmzmw
mmmmnmmmwmmmxmsos
a8 descrided by Kunkal et o). (1577).

r’muwwm

x

Prparsiion .
Tota! cellksar RNA was prepared by the Rihium chiorida/ures mMethod
amwwnwywmwwwm-u
mnmammdmuoﬂp(mmw
mmtmhmdwﬂ-wmmm»
sessed Dy Northern biots.
/
Northern Blotting
mmmdmmmmww
gola containing 7% lormaicenyda (Rave ot al., 1970) and Umnaferred
1 nitroceRuloss. Prefytridization was & 42°C in 50% lormamide, Sx°
SSC, 5x Denhardrs, 0.1% SDS, and 100 ug m~! denatured, son)-
mwmmwmwwumsmm
btfer comalining 10° cpm mi~ 2Puabeled ONA. Fiters were washed
Drtefly at room tempersture in Sx SSCM.1% SDS ihan waihed a1 60°C
nix sscn.msusmo-mwm-umm
phy wes on Kodak XARS fim & ~T0"C with two Cronex intenaltying
screana ior 24 I

"k
A

cDNA Preparstion

One 1 two Mmicrograma of poly (A)* ANA (human wmingl feum or
HepG2) or 30 g of 1xa) ANA (redbit liver and amall inteetine) were
converted into double-grended cONA using & kit (Amergham PLC, cat,
nmmw«mwmmmwm1 were
used 1B Maxs Mo first grand. At srand cONA wea axweried o
double-stranded cONA according 10 Gubler and Motiman (1853). On
Mummummwmwn
WMMWG'M“““
0aiurn aceuEts precipkasion ¥om sthanol, Treraler ANA wes sdded &
wv’_mWW'mnw-mmenmw
sessed In plint reactions with a[SPIICTP el but the prepdiiive
reactiona wers pariormed without added leolops.

p—

- —— - ——
o

ONA Amplification .

The polymersss chain readion wes caried out using Thermaphyus
mmmmmmwu
mwmmnmmmam
wmmmmmnnmmwmmmu
mwmummm1wm
wmwuwmmuwmmm

piotd.

Dot Blots
mommmupummmmwdm
20taprobe membrene using 8 BAL maniiold, The MemIrane wes
washed tn .6 M NaOH io fix the DNA and hydrdized with 0% 8ppropri-
e cligonucieatides.
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